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CHARACTERISTICS OF THE SUBSOIL — TYPICAL CROSS SECTION

Preliminary soil investigation consisted of SPT, CPT, PMT (Pressuremeter) and L aboratory Tests
and included 24 quality control points located under future buildings.

The subsoil characteristics are rather uniform. Three different soil layers can be distinguished
with acompressible soil thickness ranging from 25 to 43m:

- Upper layer: SiltwithSand : h=4to 7 m,

- Intermediate layer: Compressible saturated Clay : h = 20 to 35 m - see table 2 for soil
parameters,

- BedRock: Weathered Rock : 25 to 43 m deep from initial Ground Level (+0.00).

The following Fig.19 gives amore detailed description of the sub-soil conditionsin the form of a
typical cross-section with the recorded N-SPT values for several representative borehol es.
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Fig. 19: Typical Cross Section Phase 1/ SPT Tests

SEQUENCE OF WORKS

The installation procedure for the MVC system is divided into severa phases that are
summarized in the following table 6. Each phase is divided into one or several sub-sections
depending on the site conditions. For instance, the air/water phase required the installation of an
impervious slurry wall - which depth and thickness was designed based on grout and soil
permeabilities - in order to maintain adequate tightness through the upper - high permeability -
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layer.

Each work has to be designed specifically based on the site characteristics so as to meet certain
objectives - for instance, the thickness of the sand drainage layer is designed based on the sand
coefficient of permeability and the spacing between horizontal drains. Therefore, the

construction data are given as an illustration only and shall be re-evaluated for each project.

Phase Sub-section Objective
Site Placing a woven geotextile (10 t/m2) Stability of working platform
preparation | Lying sand blanket (h = 1m) Working platform - drainage
layer
Installation of vacuum transmission pipes | Transmit vacuum to the soil
(VTP).
Drainage Horizontal drains inside the sand blanket | Transmit vacuum to the VTP
connected longitudinally and transversally
towards vacuum pump
Installation of an impervious slurry wall | Maintain tightness (air and
Air / water (depth 9.00m) outside the perimeter water) through the sandy silt
tightness Installation of peripheral trench system to | Maintain tightness around the
provide air tightness at the boundary membrane
Primary fill Placement of a 1.5m fill layer (primary fill) | Increase stability of system by a
above sand layer and under membrane gain in apparent cohesion in
primary fill during vaccum.
Membrane | Lay out and welding of PVC membrane | Vacuum objective n = 75%
[/ pumping | and exit of horizontal drains through
system membrane towards vacuum pumping
stations (12 stations)

Table 6 - Sequence of installation for MV C system

EVALUATION OF RESULTS

Settlement curves

The recorded settlement ranged from 314 cm to 548 cm for surcharge height varying from 6.5 to
15.5 m and vacuum pumping duration of 9 monthsin average.

The settlement curve on Fig.20 shows the efficiency of the vacuum method with an acceleration
of the settlement by 2 to 3 times (steep increase in the slope a vacuum start). In terms of
calibration coefficient 3, the average value found on 24 settlement plateswas 3 = 0.91
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Fig 20: Settlement curve - Khimae

Post vacuum rebound

As soon as vacuum was off and additional surcharge was removed, settlement stopped and a
dlight rebound was recorded as shown on the following figure. Settlement then stabilised. After
two weeks, no residual settlement is observed.
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Fig 21: Post Vacuum Rebound
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Improvement of clay

Post treatment soil investigation and laboratory tests confirmed that the consolidation target was
reached. These included measurement of reduction of the void ratio and measurement of Cc at
various depths - see Fig. 22. In terms of pre-consolidation pressure, the measured increase isin
accordance with the calculations of the target settlement and shows that consolidation under the
future loads has been achieved successfully.
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Fig 22: Consolidation parameters before & after improvement

Conclusion

The concept of removing atmospheric pressure in a soil mass to great depth alows the
consolidation of saturated soft clays under an isotropic loading.

Maintaining a permanent non-submerged medium between the sealing membrane and the soil
mass to be consolidated through a specific pumping system and vertical corrugated drains,
together with properly isolating the boundaries of the soil mass, has been the key to the
predictable performance of vacuum.

The understanding of the stress path under vacuum allows installing substantial surcharge on
soils with very little initial strength, making the technology a choice solution to quickly
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consolidate very soft impervious deposits - either man-made or natura - under unstable
conditions with severe time constraints.
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Additional Figures: Works phases

Horizontal drains Installation of Vacuum Transmission Pipes

Air and water collectors Horizontal drains exit from membrane

Peripheral trench Pumping station unit (Hudig+Menard M S5 pumps)




